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without an increase in the number of steps by forming a 
low doped region in a semiconductor film part between 
an end of a gate electrode and a source or a drain by 
utilizing a difference in thickness between a gate 
insulating film and a thin insulating film. 
CONSTITUTION: For manufacture of a MOS transistor, 
a semiconductor film 2 which constitutes the channel 
part of the transistor is formed and overlaid with a gate 
insulating film 3. After the gate insulating film 3 is 
overlaid with a gate electrode material 4, a gate 
electrode 5 is patterned, and at the same time with this 
patterning, the gate insulating film 3 is partially etched 
off to form an insulating film 7 thinner than the gate 
insulating film 3. After a further etching such that the 
gate electrode 5 may be narrowed in the channel width 
direction, a gate electrode 8 is used as the mask to 
introduce dopants. For example, low dopants are 

introduced into a semiconductor film 2 in a thick part of a gate insulating film 9. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused t>y the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] . 
[Claim 1 ] A production process which is characterized by providing the following and which 
manufactures an MOS transistor A semiconductor film formation production process which constitutes 
the channel section of a transistor A production process which forms a gate insulator layer on said 
semiconductor film A production process which carries out patterning of the gate electrode after a 
production process which forms a gate electrode material on said gate insulator layer, carries out etching 
removal of said a part of gate insulator layer, forms an insulator layer thinner than a gate insulator layer 
in coincidence in the case of this patterning, and introduces an impurity by using said gate electrode as a 
mask after a production process which carries out etching removal further so that the channel width 
direction of said gate electrode may be narrowed 

[Claim 2] A production method of an MOS transistor characterized by introducing a high-concentration 
impurity into a semiconductor film which constitutes said channel of a thin portion of said gate insulator 
layer, and introducing a low-concentration impurity into said semiconductor film of a thick portion of a 
gate insulator layer by the production method of an MOS transistor according to claim 1 . 
[Claim 3] It is the MOS transistor which is an MOS transistor which has a semiconductor film and a 
gate insulator layer which constitute the channel section, and a gate electrode, has the source or a drain 
field on a semiconductor film which touches a thin insulator layer extended and prepared from said gate 
insulator layer, and is characterized by introducing a low-concentration impurity into a semiconductor 
film which touches a field which is narrower than said gate insulator layer in the channel width direction 
as for said gate electrode, and is not in contact with a gate electrode of said gate insulator layer. 
[Claim 4] An MOS transistor characterized by establishing a high-concentration impurity range in a 
semiconductor film which a low-concentration impurity range is established in a semiconductor film 
which is the MOS transistor which extends in the channel width direction from a large gate insulator 
layer and said gate insulator layer of width of face, and has an insulator layer with thin thickness on said 
semiconductor film from a semiconductor film and a gate electrode which constitute the channel section, 
and said gate electrode, and touches said gate insulator layer near the edge of said gate electrode, and 
touches an insulator layer with said thin thickness. 

[Claim 5] Said gate insulator layer according to claim 3 or 4 or an insulator layer with thin thickness is 
an MOS transistor characterized by having multilayer structure. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture method of the thin film transistor 
mainly used for an AKUTIVU matrix drive method liquid crystal display, image sensors, a thermal 
head, etc., and the thin film transistor manufactured by this manufacture method. Moreover, this 
invention is applicable also to the MOS transistor in LSI. 
[0002] 

[Description of the Prior Art] Conventionally, the thin film transistor (it omits Following TFT) has been 
used for the image sensors and the thermal head which are used for the liquid crystal display used for 
small television or a computer, facsimile, etc. The manufacture method is comparatively easy for it, and 
since an amorphous silicon thin film transistor has the feature of large-area-being easy toize, 
development is the most prosperous in it now. However, although an amorphous silicon TFT does not 
become a big problem at the part which the mobility of an electron and an electron hole has lcm2 / VS, 
0.1 cm2 / VS degree, and the defect of being very small, respectively, for example, switches the pixel of 
each of liquid crystal displays, and each bit of image sensors, especially in order to build a drive circuit 
on the same substrate, a property is insufficient [ the amorphous .silicon ] in respect of switching speed. 
[0003] On the other hand, as for the polycrystalline silicon TFT used for a small liquid crystal television 
or image sensors, an electron and hole mobility also have a **** and the thing which built the drive 
circuit, was produced commercially and has actually appeared on the market in the commercial scene 
more than about 10cm2 / VS. This polycrystalline silicon TFT usually has coplanar mold structure, i.e., 
a gate, the source, and the structure that has drain each electrode in a substrate and the opposite side to 
the silicon channel section altogether. In TFT of such structure, installation of the impurity to the source 
and the semiconductor film of a drain portion is performed by the method called ion-implantation, an 
ion dope, or a plasma dope by the self aryne which usually used the gate electrode as the mask. After 
activating an impurity furthermore by heat annealing about 600 degrees C or more or laser annealing, 
interlayer insulation film metallurgy group wiring etc. is formed, and TFT is completed. 
[0004] 

[Problem(s) to be Solved by the Invention] Thus, TFT of the coplanar mold produced is having structure 
where the impurity range was prepared by physical relationship as shown in drawing 2 (a). In the case of 
this structure, just beside thru/or a part of 22/gate insulator layer layer 23 of gate electrodes laps with a 
gate electrode, and the high-concentration doping layers 20 and 21 are formed. For this reason, when 
operating such TFT, electric field concentrated on about 20 drain, fault, like lifting reliability becomes 
low about device property deterioration of Gm deterioration etc. in the long run happened [ when the so- 
called hot carrier occurred, the linearity of Gm worsened, and ] , and a defect, like the leakage current 
through the level near the center of the band gap which exists in about 20 drain further tends to flow 
arose. 

[0005] LDD (Lightly doped drain) structure is adopted by LSI as a means to solve such fault, and TFT is 
examined in recent years, and even if a part is adopted, it is. Generally the production method of TFT of 
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this **** structure takes the following methods. 

[0006] ** Form the silicon film 22 which doped the gate silicon oxide film 23 first on the silicon by 
which patterning was carried out to the shape of an island, and doped the impurity to high concentration. 
Next, patterning of these coats is carried out and a gate electrode and a gate silicon oxide* film are 
formed. It is 1017 - 1019 atoms/cm3 to the island-like silicon portion (source 21, drain 20 section) 
which is not covered with the gate electrode 22 in the impurity. After introducing by the low * 
concentration of a degree, the silicon oxide film 24 is formed by the good membrane formation method 
of step coverage, and the condition of drawing 2 (b) is acquired. At this time, a silicon oxide film 
accumulates on the side wall of a gate portion thickly. 

[0007] ** a degree — this silicon oxide film — RIE (reactive ion etching) - etch this silicon oxide film 
24 by the high method of etching anisotropics, such as law, leave this silicon oxide film 25 near the side 
of the gate electrode 22, and acquire the condition of drawing 2 (C). The portion whose thickness of this 
gate electrode side was thick serves as a spacer for next doping. * 
[0008] ** Use as a mask the about 22 gate electrode [ which was produced before next ] silicon oxide 
film 25 (spacer for doping). After carrying out the ion implantation of the impurity to high concentration 
(1020-1021 atoms/cm3 degree), while activating an impurity and completing the source 28 and a drain 
27 The LDD section 26 from which the impurity was introduced into the bottom of the about 22 gate 
electrode silicon oxide film 25 by low concentration is completed, and the condition of drawing 2 (d) is 
acquired. Although LDD structure could be formed as mentioned above, as compared with the case 
where the transistor of the structure of conventional drawing 2 (a) is produced, the production process of 
** _ ** increased and, for this reason, it was disadvantageous also in respect of a yield or cost. 
[0009] 

[Means for Solving the Problem] It aims at manufacturing a silicon thin film transistor which has 
crystallinity acquired by being stabilized in high-reliability and the property of high off resistance on an 
insulating substrate by this invention's solving the aforementioned trouble and forming offset structure 
or LDD (Lightly doped drain) structure without an increment in a photo mask, or a big addition of a 
membrane formation production process. 

[0010] Namely, the usual gate insulator layer is broadly formed instead of a spacer of the required gate 
electrode side in the channel width direction from a gate electrode by the production method of TFT 
which has the conventional LDD structure. Form an insulator layer still thinner than this gate insulator 
layer horizontally [ that ], and a difference of thickness of a thickness and a thin insulator layer of width 
of portions other than a gate electrode of a gate insulator layer is used. A low-concentration impurity 
range is formed in an edge of a gate electrode, the source, or a semiconductor film portion between 
drains. 

[001 1] This invention is explained below using drawing 1 . First, after forming the crystalline island-like 
silicon barrier layer 2 in insulating-substrate top 1 ( drawing 1 (a)), the gate silicon oxide film 3 and the 
silicon film 4 with which an impurity was doped by high concentration which constitutes a gate 
electrode are formed ( drawing 1 (b)). Next, this silicon film 4 is etched by high etching method of an 
anisotropy, and a temporary appearance of the gate electrode 5 is formed ( drawing 1 (c)). Etching 
conditions (for example, a class of etching gas, reaction pressure, etching mode, bias voltage, etc.) are 
changed a little succeeding this production process, it leaves a part, the silicon oxide film 3 exposed 
from a resist pattern 6 is etched, and the portion 7 with thin thickness is formed near the both ends of the 
gate electrode 5 at the gate ( drawing 1 (d)) insulator layer 3. 

[0012] Then, it etches in the direction of a side wall of a gate electrode which will have been exposed if 
conditions of etching are changed in succession and selectivity with a silicon oxide film etches gate 
electrode silicon by the isotropic etching method highly, and the channel width direction of a gate 
electrode is narrowed, and is carried out, and a configuration of the final gate electrode 8 is completed. 
( Drawin g 1 (e)) . A resist pattern is removed next and structure of having the portion 7 thick an about 
eight gate electrode [ like drawing 1 (f) ] gate silicon oxide film and sufficiently thin a portion 9 and 
except it is done. 

[0013] Impurity ion is poured in with ion-implantation etc. from on this condition next ( drawing 1 (g)). 
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By driving in an impurity using suitable acceleration voltage and a suitable dose corresponding to 
thickness of each gate silicon oxide film at this time, an impurity is doped by concentration to which 
barrier layer silicon under the portion 7 with thin thickness of gate oxide fitted LDD structure at high 
concentration as for the bottom of the portion 9 with thick thickness of gate oxide, and the source or the 
drain sections 10 and 11, and the LDD section 12 are formed respectively. And by setting a difference of 
thickness of a gate silicon oxide film removed by etching, and thickness of a gate silicon oxide film 
which remains as a suitable amount, it becomes possible to control concentration of an impurity which 
can finish an impurity doping production process at once, and is introduced into a semiconductor film. 
[0014] Or this structure is producible also by following methods. That is, in a production process of an 
above-mentioned production method, sequence is replaced and a production process of drawing 1 (d) 
and a production process of drawing 1 (e) are formed. First, if gate electrode silicon is etched by the 
isotropic etching method, controlling over etching enough, it will become structure like drawin g 1 (e). 
An undercut of gate electrode silicon directly under this resist is controllable by isotropic etching time. 
Next, etching of gate silicon oxide of a portion which exposed an insulator layer 3 from a resist pattern 6 
more when etched succeedingly progresses shortly by high etching method of an anisotropy, and 
structure like drawing 1 (d) can be formed. A next doping production process can realize TFT of LDD 
structure by performing the same method as the above. 
[0015] . ' 

[Function] By the configuration of this invention, a low-concentration impurity range is formed in the 
edge of a gate electrode, the source, or the semiconductor film portion between drains using the 
difference of the thickness of the thickness and the thin insulator layer of width of portions other than 
the gate electrode of a gate insulator layer. 

[0016] That is, if in the case of the ion-implantation usually used as a means to introduce into a 
semiconductor film an impurity element is performed through other films in case [ that ] it pours in, the 
concentration in the semiconductor film poured in according to the thickness of this film will change. 
This situation is shown in drawing 4. 

[0017] By the difference in the thickness of the film on this semiconductor film, this invention realizes 
LDD structure with an easy configuration using the concentration difference of the impurity poured into 
a semiconductor film. That is, impregnation of an impurity is performed through a gate insulator layer, 
the place which is in contact with the sort or the drain portion prepares the thickness of this gate 
insulator layer thinly, and the portion near the gate electrode edge prepares an insulator layer usually or 
thickly. Thereby, it is drawing 4 when the thickness of the insulator layer of the source or a drain portion 
is 300A. It is drawing 4 when [ which, on the other hand, made the insulator layer of a LDD portion the 
same 1000A as the thickness of a gate insulator layer ] the impurity of concentration is poured in into a 
semiconductor film. The impurity of concentration is poured into a semiconductor film and 
impregnation of a high-concentration impurity and impregnation of a low-concentration impurity can 
carry out to coincidence to the same semiconductor film. 

[0018] Compared with the production production process of a MOS transistor of not taking LDD 
structure, membrane formation and its dry etching production process of the silicon oxide which newly 
serves as a spacer, and the 2nd [ further ] impurity doping increase the production method with the 
conventional LDD structure of an MOS transistor. That is, the production process which performs 
vacuum processing increases 3 times. Although a dry etching production process increases in this 
invention, these production processes can be carried out by adding the process which can be performed 
without breaking a vacuum to the conventional production method production process which does not 
adopt LDD structure, and since it is also possible to carry out with one doping if it is very small and 
results in an impurity doping production process, the increment in a production process has big 
difference and a big predominance compared with the conventional LDD structure production method. 
[0019] 
[Example] 

"example 1" LPCVD after forming a passivation film in a glass substrate 1 - 1O00A of amorphous 
silicons 2 was formed by law, a plasma-CVD method, etc. After heating at 600 degrees C for 48 hours 
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and carrying out solid phase growth of the amorphous silicon layer, patterning was carried out to the 
shape of an island with photolithography ( drawing 1 (a)). 1000A of silicon oxide films 3 was formed by 
the spatter as a gate insulator layer. 100% of oxygen gas performed this spatter production process. 
Furthermore, 3000-4000A of polish recons was formed as a gate electrode the LPCVD rtiethod, the 
plasma-CVD method, etc. by the amorphous silicon whose phosphorus concentration is about [ one to 
1 Ox 1 020cm - ] three, or the LPCVD method ( drawing 1 (b)). ' 
[0020] Then, if dry etching of the silicon film 4 is carried out, it will become like drawing 1 (c). This 
etching processing is CF4+C12 as gas. Using the system, it was set as the conditions in RIE (reaetive ion 
etching) mode, and 10 degrees C or less of retention temperature of a processing substrate were 
preferably performed as 0 degree C. Then, without breaking a vacuum, reactant gas was exchanged and 
700A of silicon oxide layers 3 was etched with RIE mode by the gas of a CF4+ H-2 system. In this way, 
the acquired structure is drawing 1 (d). That is, the portion 7 with the thin thickness of an insulator layer 
has structure prepared beside the gate insulator layer. * . 

[0021] The gas for a reaction is changed cooling a substrate at 0 degree C without furthermore breaking 
a vacuum as it is, and it is CF4+02. For a certain reason, etching of the silicon film 5 advances [ the etch 
selectivity of the silicon oxide layer 7 and the gate electrode silicon film 5 which will have been exposed 
if plasma etching isotropic by the gas of a system is performed ] like drawing 1 (e) about several ten. 
Moreover, it turned out before this plasma etching that the repeatability of etching of the direction which 
carried out ashing of the side wall protective coat deposited on the side wall of a gate electrode at the 
time of silicon oxide layer etching with the oxygen plasma is good. 

[0022] Thus, when it is referred to as TFT which etched narrowly 3 000 A of gate electrode width of face, 
for example and produces an NMOS transistor, the ion implantation of the phosphorus (P) is set up and 
carried out to the dose of 2x1013 atoms/cm2 for example, by acceleration energy 60kV as an impurity 
element, succeedingly — acceleration energy 30kV — the dose ion implantation of 5x1015 atoms/cm2 — 
it carries out. By adding heat annealing of 24 hours at 600 degrees C as an impurity activation 
production process after that, TFT with LDD structure like drawing 1 (g) was obtained. 
[0023] Hydrogen processing is performed at 400 degrees C as a next production process for 2 hours, -1 
micrometer of PSGs is formed as an interlayer insulation film, a contact hole is punctured, and TFT 
which performs membrane formation and patterning of aluminum electrode and has LDD structure is 
completed. Thus, as for the property of produced TFT, figures triple [ 2-] also decreased [ the leakage 
current between source drains in case gate voltage is 0V ] about from the -10-9 A set. Moreover, 
concentration of the electric field in a drain edge was eased, and since the carrier impregnation to a gate 
silicon oxide film decreased, pressure-proofing improved. 

[0024] Below the "example 2" is a procedure at the time of producing complementary MOS. A 
fundamental production production process produces the structure of drawing 3 (a) according to the 
above-mentioned example 1. Next, it is boron (B) at the acceleration voltage of lOkV as an impurity to 
the whole surface 1x1015 atoms/cm2 It dopes with a dose, and LDD32 is formed near the gate electrode 
33 at the same time it forms the source or the drain portions 30 and 31 of PMOS ( drawing 3 (b)). It is 
phosphorus (P) at the acceleration voltage of 30kV as a cover and an impurity in a resist 34 about a 
PMOS transistor side still like drawing 3 (c) 5x1015 atoms/cm2 It dopes with a dose, and LDD37 is 
formed near the gate electrode 38 at the same time it forms the source or the drain portions 35 and 36 of 
NMOS ( drawing 3 (c)). 

[0025] Next, the result of having exfoliated the resist, having performed hydrogen processing at 400 
degrees C for 2 hours after being activated [ of 24 hours ] at 600 degrees C, having formed about 1 
micrometer of silicon oxide with the ordinary pressure CVD method as an interlayer insulation film 39, 
having punctured the contact hole, and having performed membrane formation and patterning of the 
aluminum electrode 40 is drawing 3 (d). Thereby, what has LDD structure by TFT of a complementary 
type was producible. 

[0026] In the above example, although the material of a monolayer was used as a gate insulator layer, 
the gate insulator layer of a configuration of it not being limited to especially this configuration and 
having carried out the laminating of two or more insulating materials to the multilayer can also apply 
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this invention. In such a case, since there is a material by the multilayer in case an insulator layer with 
thin thickness is realized at an etching production process beside a gate insulator layer, in order that a 
difference may appear in the degree of etching, there is the feature which can prevent over etching. 
[0027] In the above example, especially although it explains as a semiconductor film and an insulator 
layer using the material of a silicon system, it is not limited to these materials, and other materials can 
apply this invention similarly and can be applied to all MOS transistors. 

[Effect of the Invention] Realizing- without the increment in routing counter of MOS transistor which 
has LDD property with easy structure by taking configuration of this invention food ****. Moreover, 
since the number of the masks to be used did not increase, either, ************ which pulls production 
cost was made. 

[Translation done.] 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The schematic diagram of the production production process of the MOS transistor which 
has the LDD structure of this invention 

[Drawing 21 The structure of the MOS transistor which has the conventional LDD structure, and the 
schematic diagram of a production production process 

[Drawing 31 The application of the production method of the MOS transistor of this invention 
[Description of Notations] 

7 :.. Thin insulator layer 

8 ... Gate electrode 

9 ... Thick insulator layer 

10 .. Source 

11 .. Drain 

12 .. The LDD section 



[Translation done.] 
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DRAWINGS 



[Drawing 2] 
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[Translation done.] 
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